2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity of ethanolic and water extracts of rhizomes of Alpinia galanga (Lengkuas) and two varieties of Zingiber officinale (Ginger) was evaluated. Butylhydroxytoluene (BHT), a known radical scavenger, was used to serve as positive control. Malaysian ginger ethanloic and water extracts from dried ginger (MGEE and MGWED) showed a good to excellent activity. Thailand ginger water extracts from fresh and dried ginger (TGWEF and TGWED) and ethanolic extract from dried ginger (TGEE) exhibited an average to excellent radical scavenging activity. Malaysian lengkuas water extracts from fresh and dried lengkuas (MLWEF and MLWED) and ethanolic extract from dried lengkuas (MLEE) exhibited a good to excellent activity. In addition, the IC 50 values were calculated for all the extracts and are listed separately. MGWED, MGEE and MLEE showed IC 50 values (< 0.03 mg/mL) less than BHT (~0.12 mg/mL), indicated that these extracts are having better scavenging activity than BHT. TGWEF showed an IC 50 value (~0.13 mg/mL) close to BHT. For all other extracts, the IC 50 values are slightly higher than BHT.
INTRODUCTION
The by-products of normal metabolism are oxidants such as hydroxyl, alkoxyl, peroxyl free radicals etc. (Multhaug et al., 1997) which are collectively called reactive oxygen species (ROS) . The generation of these ROS is a serious concern since they cause oxidative cleavage in lipids, DNA, protein etc. (Maccarrone and Ulrich, 2004) which in turn associated with human degenerative diseases such as cancer, cataracts, cardiovascular diseases, brain disfunction, decline in immune system etc. However, to defend from these ailments, the oxidation process is prevented by some radical scavengers called antioxidants (Aruoma, 1994) . Antioxidants inhibit these free radicals by any of the processes namely: i) reducing the concentration of ROS; ii) scavenging initiating radicals; iii) breaking chain reaction and iv) chelating the trasition metal catalysts (Maccarrone and Ulrich, 2004) . Some examples of antioxidants are glutathione, glutathione peroxidase, tocopherols, transferrin etc. (Maccarrone and Ulrich, 2004) .
Although, several synthetic antioxidants such as butylhydroxytoluene (BHT), butylhydroxyanisole (BHA), tbutylhydroxyquinone (TBHQ), propylgallate (PG) etc. have widely been used in industry, their safety become iffy (Juntachote and Berghofer, 2005) and therefore several natural antioxidants find their applications in industry (Nakatani, 1997) . Fortunately, our dietaries such as fruits, vegetables and beverages derived from plants are a rich source of phenolics and flavonoids which are powerful antioxidants too (Davies, 2000; Halliwell, 2000; Finkel 2000; Halliwell et al., 1998; Kubisch et al., 2006) .
Ginger (Zingiber officinale, Zingiberaceae) is one of the most widely used herbals since ancient time and its applications are well documented (Akoachere et al., 2002; Habsah et al., 2002) . Especially, the rhizome part of the ginger has been used in traditional medicine (Chan et al., 2008; Vimala et al., 1999) , has most potent medicinal properties (Syamkumar et al., 2003) and reported many other biological activities (Habsah et al., 2002; Gugnanai and Ezenwane, 1985; Ficker et al., 2003) including antioxidant property (Mpalantinos et al., 1998; Larson, 1998; Zaepung et al., 2005; El-Ghorab et al., 2010; Shirin and Jamuna, 2010) and plasma antioxidant capacity in experimental animals (Ali et al., 2007) . Ginger has been used to aid digestion (Warrier, 1989) , to treat stomach upset, diarrhea, nausea, rheumatic complaints (Wagner and Hikino, 1965; Grzanna et al., 2005) , high cholesterol, ulcers, depression and impotence (El-Ghorab et al., 2010) ; to cure hypoglycemic and hypolipidemic complaints (Ahmad and Sharma, 1997) ; it is more effective in reducing symptoms associated with motion sickness (Afzal et al., 2001 ) and as such it is better than any other medications. Lengkuas (Alpinia galanga also called greater galangal, Zingiberaceae) is also one of the most widely used herbals, especially in culinary in Asian continent and more specifically in south and southeast Asia. Similar to ginger, the rhizomes of lengkuas also finds its applications in traditional medicine (Yang and Eilerman, 1999) and several bioactive compounds are reported from it (Janssen and Scheffer, 1985; Itokawa et al., 1987; Kondo et al., 1993; Zheng et al., 1993) .
Lengkuas has been used as a digestive stimulant, used to get rid of bad breath, bronchial catarrh, rheumatism, throat infections etc. Although, a few varieties of gingers are available in Malaysia, the local Malaysian ginger (vernacular name is Halia Bentong) and Thailand ginger are the two main varieties widely used by all Malaysians in their day to day life. In addition, lengkuas has also been routinely used in culinary in Malaysia. Several reports are available on the antioxidant study of various varieties of lengkuas and ginger including the Malaysian varieties (Ghasemzadeh et al., 2010a, b; Chan et al., 2008) .
However, the antioxidant activity of ethanolic and water extracts obtained from fresh and dried Malaysian varieties are not well documented. In our continuing research in molecular medicine, especially the enzyme interaction with herbal extracts and pure natural products, we obtained ethanolic and water extracts from Malaysian and Thailand gingers and Malaysian lengkuas. We Pillai et al. 5407 envisioned that these extracts can also be extended for their study on 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and the results obtained are thus communicated in this study. 
MATERIALS AND METHODS

Plant
Processing of materials
The rhizomes of Malaysian lengkuas, Malaysian and Thailand gingers were all obtained in fresh condition and were cut into small pieces by a chopper. About 3 kg each of this fresh and cut Malaysian lengkuas and Thailand ginger were kept separately to prepare water extracts. The rest of materials were then dried in an oven at 40 to 50°C for two to three weeks. The weight of the materials now reduced to about 5 kg in the case of Malaysian ginger and about 3.5 kg in the other two cases and they were powdered using a miller.
Preparation of water extracts from fresh materials
About 3 kg of the fresh and cut Malaysian lengkuas and Thailand ginger were taken separately in glass jar and three liters of deionised and purified water was added and digested on a water bath at 70 to 80ºC for one week. The water extract was obtained by simple filtration of this digested material over a filter paper and kept separately. To the residue, another three liters of water was added and repeated the digestion again for one week. The water extract obtained now was combined with previously obtained water extract. The combined water extract was concentrated by two steps. Buchi rotavapour was used first to remove as much as water possible followed by the use of Freeze dryer/Lyophiliser to remove the remaining water. A dark brown dry residue of water extract was obtained on both cases and stored in a refrigerator.
Preparation of water extracts from dried materials
About 500 g of the powdered Malaysian ginger was taken in a glass jar and 3 L of deionised and purified water was added and digested it on a water bath at 70 to 80ºC for one week. The rest of the procedure was similar as described in the previous paragraph. The same procedure was repeated to obtain water extract from dried and powdered Thailand ginger and Malaysian lengkuas.
Preparation of ethanolic extracts from dried materials
The rest of the powdered Malaysian ginger was exhaustively extracted with ethanol using a Soxhlet's apparatus. The extract thus obtained was filtered over a filter paper to remove any contaminated solid particles and the solvent ethanol was completely removed using a Buchi rotavapour. The same procedure was repeated to obtain ethanolic extract from Malaysian lengkuas and Thailand ginger. A dark brown precipitate of ethanolic crude extract was obtained in all the three cases and kept in a cupboard at room temperature.
DPPH radical scavenging assay and determination of IC50 values
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity of ethanolic and water extracts of Malaysian lengkuas, Malaysian and Thailand gingers was conducted according to the methods described in the literature (Sasidharan et al., 2007) . Briefly, 2.0 mg of extract/mL of water was prepared and further dilutions namely: 1.0, 0.5, 0.125, 0.06 and 0.03 mg/mL were obtained from it. 50 µL of each one of them was separately mixed with 0.004 w/v % of DPPH solution in methanol (80% v/v). The mixture without extract sample was used as blank and just spiked with 50 µL of methanol. The commercial antioxidant butylhydroxytoluene (BHT, Sigma Aldrich) of the same concentration and further dilutions were prepared which served as positive control and/or comparison. The mixture was incubated for 30 min and then its optical density was measured at 517 nm. The IC50 values were calculated from graphs by plotting extract concentrations taken in abscissa versus the percentage inhibition of DPPH radical taken in ordinate. The extract concentration that causes 50% reduction in DPPH initial concentration is defined as the IC50 value of extract. Each experiment was carried out in triplicate and the averages of the three values were used to calculate IC50 values. Again, the plot of percentage radical scavenging activity against extract concentrations was used for the comparison of the radical scavenging activity at each concentration and standard deviation was calculated for each concentration from the three values of the experiment. The ability to scavenge DPPH radical was calculated by the following equation: DPPH radical scavenging activity (%) = ((A0-A1)/A0) × 100
Where: A0 = optical density of DPPH radical + methanol, A1 = optical density of radical + extract or BHT
RESULTS AND DISCUSSION
DPPH radical scavenging activity of ethanolic and water extracts of Malaysian lengkuas, Malaysian and Thailand gingers was evaluated. The percentage radical scavenging activity of these ethanolic and water extracts at various concentrations are given in Figure 1A to C and BHT: Butylhydroxytoluene (positive control). All experiments were conducted in triplicate (n = 3) and reported as mean of the three values along with standard deviation, ±SD. In general, Malaysian ginger water extract obtained from dried ginger powder (MGWED) showed slightly higher radical scavenging activity than Malaysian ginger ethanolic extract obtained from dried ginger powder (MGEE) at all concentrations ( Figure 1A and Table 1 ). The positive control (BHT) exhibited an activity of about 93% at a concentration of 2.0 mg/mL and MGWED showed comparable activity with positive control but MGEE showed lesser activity than positive control at the same concentration. MGWED also showed comparable activity with positive control at a concentration of 1.0 mg/mL and slightly higher activity at all other concentrations ( Figure 1A and Table 1) .
MGWEF: Malaysian ginger water extract obtained from fresh ginger; MGWED: Malaysian ginger water extract . All experiments were conducted in triplicate (n = 3) and reported as mean of the three values along with standard deviation, ±SD. Both Thailand ginger water extract obtained from fresh ginger (TGWEF) and Thailand ginger water extract obtained from dried ginger powder (TGEE) showed comparable activity at a concentration of 1 mg/mL ( Figure 1B and Table 1 ) but Thailand ginger water extract obtained from dried ginger powder (TGWED) showed relatively lesser activity at the same concentration. TGWEF and TGEE showed over 85% activity at a concentration of 2 mg/mL but TGWED showed relatively lesser activity at the same concentration ( Figure  1B and Table 1 ). The same trend was observed at concentrations of 0.25 and 0.125 mg/mL. All the three extracts showed almost comparable activity at a concentration of 0.06 mg/mL. It was also observed that at a concentration of 0.5 mg/mL and above, the scavenging activity of TGWEF and TGEE are comparable to positive control, BHT ( Figure 1A , B and Table 1 ). Malaysian lengkuas water extract obtained from fresh lengkuas (MLWEF) and Malaysian lengkuas ethanolic extract obtained from dried lengkuas powder (MLEE) showed comparable activity at a concentration of 2.0 mg/mL. However, Malaysian lengkuas water extract obtained from dried lengkuas powder (MLWED) exhibited higher activity than MLWEF and MLEE at the same concentration. At a concentration of 1 mg/mL, MLWED exhibited higher activity than both MLWEF and MLEE. At a concentration of 0.5 mg/mL, both MLWED and MLWEF showed a comparable activity but MLEE showed slightly better activity. At all other concentrations, MLEE showed significantly higher activity than MLEWF and MLWED ( Figure 1C and Table 1 Table 2 ). The low IC 50 value of MLEE revealed that it has better radical scavenging property than positive control. However, both of their water extracts, MLWEF and MLWED, have lesser radical scavenging property than positive control. Recently, the antioxidant activity at various dilutions of methanolic extracts of leaves stems and rhizomes of two weeks old Malaysian gingers (halia bara and halia bentong) have been reported. Many of them exhibited less than 50 % inhibition and in the cases of rhizome extracts, about 50 to 58% inhibition was observed (Ghasemzadeh et al., 2010a) . The same authors also reported that the aforementioned gingers showed an increased antioxidant property if they were enriched with CO 2 (Ghasemzadeh et al., 2010b) . However, the antioxidant property of ethanolic and water extracts were not reported. There was another report in which methanolic extract of rhizomes of Malaysian ginger was evaluated for antioxidant property (Chan et al., 2008) . In another report, ethanolic extract of rhizomes of Malaysian ginger was used to study in vivo studies on the antioxidant status of hepatocarcinoma induced rats (Ahmad et al., 2006) . Similarly, several reports are available on the antioxidant property of different varieties of lengkuas as well as ginger collected from various locations such as Vietnam, Thailand, India etc. (Kruawan and Kangsadalampi, 2006; Stoilova et al., 2007; Juntachote and Berghofer, 2005; Mahae and Chaiseri, 2009; Padma et al., 2006) .
Conclusions
Owing to the safety, natural antioxidants are receiving increasing attention and very much sought after in industry. Both ginger and lengkuas showed promising radical scavenging activity. In addition, they are accepted universally as a safe ingredient in many herbal products and culinary. Therefore, further research will be useful to enable them to fit for industrial needs and they may replace the existing unsafe and undesirable synthetic antioxidants currently used in industry.
